Hypoglycemia is a leading risk of glucose-lowering therapy. Treatment with insulin glargine compared with standard care early in the course of dysglycemia in the Outcome Reduction with an Initial Glargine Intervention (ORIGIN) trial provides information on the frequency and predictors of hypoglycemia in this setting.
Hypoglycemia is an important adverse effect of treatment with glucose-lowering agents such as insulin and sulfonylureas. Although only a subset of patients to whom these agents are prescribed experience hypoglycemia, these episodes limit the level of glycemic control that can be achieved, affect quality of life, and may lead to loss of consciousness and hospitalization. Moreover, epidemiologic studies have shown that people who experience hypoglycemic events are also at increased risk of a wide range of adverse health consequences including cardiovascular (CV) events, cancers, and death (1) (2) (3) (4) (5) . Whether nonsevere and severe hypoglycemia occur in similar settings and require similar preventive tactics is unclear. These observations highlight the importance of identifying clinical characteristics that are associated with a higher risk of either nonsevere or severe hypoglycemia, so that susceptible individuals can be identified and provided with strategies to reduce the risks of both hypoglycemic events and their potential consequences.
The Outcome Reduction with an Initial Glargine Intervention (ORIGIN) trial compared treatment with titrated basal insulin glargine targeting normal fasting glucose levels with standard oral agentbased therapy for a median period of 6.2 years, in a population of 12,537 people with dysglycemia and additional CV risk factors (6, 7) . As previously reported, the glargine intervention had a neutral effect on CV and cancer outcomes (7) . Although absolute rates were low in both treatment groups, hypoglycemia was more common with glargine treatment than with standard care (7, 8) . Because both nonsevere and severe hypoglycemic events were carefully ascertained during long-term treatment, the ORIGIN trial provides a unique opportunity to identify clinically important baseline risk factors for both categories of hypoglycemia, and to assess the independent effects of allocation to glargine and ontreatment HbA 1c levels on such events.
RESEARCH DESIGN AND METHODS

Study Design and Participants
As previously reported, the ORIGIN trial was a large, randomized, 2 3 2 factorial design trial that tested the effects of two pairs of treatments on CV outcomes in people with high CV risk and dysglycemia (6,7). People from 40 countries who were $50 years of age and had impaired fasting glucose levels, impaired glucose tolerance, or previously known or recently detected type 2 diabetes were enrolled in the study between 2003 and 2005. Those with a prior diagnosis of diabetes could be taking no more than one oral glucoselowering agent together with a lifestyle intervention. Participants were randomized to either add insulin glargine to prior treatment, with titration of the dosage seeking a fasting plasma glucose level of #5.3 mmol/L (#95 mg/dL), or to use standard glycemic care beginning with oral therapies according to local guidelines. Prior glucose-lowering therapies were usually continued after the initiation of randomized treatment. Usage of specific glucose-lowering agents at study enrollment and after randomization has been reported previously (9) . Participants were also randomized to take either 1 g of n-3 fatty acids daily or a placebo. The main end point of the comparison of glargine with standard care was a composite of nonfatal myocardial infarction, stroke, or CV death.
Hypoglycemic Events
During a median on-treatment follow-up period of 6.2 years (interquartile range 5.8-7.2 years), participants kept diaries recording symptoms suggesting hypoglycemia and self-measured plasmareferenced glucose values at the time of symptoms. These were transcribed at clinic visits at 0.5, 1, 2, and 4 months, and every 4 months thereafter. Nonsevere confirmed hypoglycemia was a symptomatic event with concurrent glucose measurement of #3.0 mmol/L (#54 mg/dL), but not requiring assistance by another person. Severe hypoglycemia was defined as requiring assistance, with either prompt recovery after oral administration of a carbohydrate, intravenous glucose, or glucagon, or documentation by self-measurement or laboratory measurements of plasma glucose levels of #2.0 mmol/L (#36 mg/dL).
Statistical Analysis
All incidence rates were expressed as the number of incidents per 100 person-years of follow-up. To determine the yearly incidence of hypoglycemia, the number of person-years of exposure for each participant was calculated as the number of years until the first hypoglycemic event. The incidence of at least one episode of hypoglycemia was estimated as the number of people having experienced one or more episodes divided by the total number of personyears of observation. The annualized incidence of all hypoglycemic events (e.g., with an individual counted twice if they had experienced two events, three times if they had experienced three events, etc.) was estimated as the total number of events divided by the number of person-years of follow-up. For each individual who had experienced at least one hypoglycemic event, the annualized incidence of all hypoglycemic events during the study divided by the number of person-years of follow-up contributed by that individual was estimated and the mean (SD) and median (interquartile range) was calculated. Continuous variables were expressed as means and SDs or medians and interquartile ranges, and were compared using t tests or Kruskal-Wallis tests as appropriate. Baseline categorical variables were expressed as numbers and percentages, and were compared using x 2 tests. Cox proportional hazards models were used to estimate the unadjusted hazard of confirmed nonsevere and severe hypoglycemic events for 33 baseline demographic, medical history, examination, medication use, and laboratory characteristics (which have been linked to hypoglycemia in other epidemiologic studies), as well as baseline treatment allocation and the updated HbA 1c level (estimated using the mean of all of the available HbA 1c levels from the time of randomization until the end of the study). All hazard ratios (HRs) were calculated using a frailty model that accounts for the multiplicity of events and the propensity of experiencing a second event in a person who has already experienced one event (10). Variables for which the univariate HR was associated with a P value of ,0.1 were then included in multivariable analyses using the frailty model. The effect of a diagnosis of diabetes prior to participation in the ORIGIN trial and of the updated HbA 1c level was assessed by estimating multivariable frailty models with and without these variables. Whether the relationship between updated HbA 1c levels and the risk of hypoglycemia differed in participants allocated to receive insulin glargine versus standard care was assessed by adding an interaction term (updated HbA 1c *allocation) to the model. The relationship between the independent variables and the risk of a hypoglycemic event was expressed as an HR and its 95% CI.
Kaplan-Meier plots illustrating the cumulative incidence of the first nonsevere hypoglycemic event in people allocated to receive glargine versus standard care, and in people with a history of diabetes versus no diabetes were plotted. Plots illustrating the relationship between the incidence of hypoglycemic events and the updated HbA 1c level were estimated from a multivariable model based on just the glargine participants and another model based on just the standard care participants. For each group, the HRs per HbA 1c increment from the model were used to generate an estimated incidence of hypoglycemia at each updated HbA 1c level with reference to the observed rate of hypoglycemia at the median updated HbA 1c level, and expressed as the percentage per year. All statistical analyses were performed using SAS version 9.2 (SAS Institute), and figures were generated using SPlus version 8.1.1 (TIBCO).
RESULTS
Frequency and Time Course of Hypoglycemic Events
As previously reported (7), 5,155 of 12,537 randomized participants (41%) experienced at least one symptomatic hypoglycemic event. As noted in Table 1 , at least one hypoglycemic event that was confirmed by glucose measurement but did not require third-party assistance (nonsevere event) was reported for 3,518 participants (28% Fig. 1 . The frequency of new events was consistently higher with glargine treatment and for people with diabetes versus those without diabetes during the whole period of follow-up.
The 3,518 participants with at least one confirmed nonsevere event had a total of 24,680 events during the study, with a mean (SD) of 1.2 (2.1) events per person-year (Table 1) . For participants allocated to treatment with glargine vs. standard care, the annualized frequency of events was 1.3 vs. 0.8 (P , 0.001) yearly, respectively. Similarly calculated yearly rates for diabetes versus no diabetes at baseline were 1.2 vs. 0.8 (P , 0.008). A similar analysis for severe hypoglycemia (Table 1) revealed that the 472 participants affected reported 591 events. While 359 participants allocated to glargine reported at least one severe event, 113 of those receiving standard care did so. Of participants with and without diabetes at baseline, 436 and 36, respectively, had experienced severe events. Among those participants who had experienced at least one severe event, the yearly rates were 0.3 and 0.2 (P = 0.8) for glargine versus standard treatment, and also 0.3 vs. 0.2 (P = 0.3) for diabetes versus no diabetes.
Unadjusted Associations of Hypoglycemia With Baseline Characteristics
People with both nonsevere and severe events were more likely to be using a sulfonylurea and to have higher HbA 1c levels at baseline. Those who had experienced nonsevere events generally were younger, whereas those who had experienced severe events were older. A complete listing of unadjusted associations with nonsevere and severe events is shown in Supplementary Table 1.
Multivariable Models
The results of Cox proportional hazards frailty models (which account for multiple events in a given individual) describing independent associations of risk with various clinical factors for each category of hypoglycemia are shown in Table 2 . The models included baseline characteristics selected for having univariate associations with events with a P value of ,0.1, and also allocation to A highly significant interaction between updated HbA 1c level and treatment allocation was noted for both nonsevere (P = 0.004) and severe (P , 0.001) hypoglycemia. To further explore the relationship of on-treatment HbA 1c level with hypoglycemia, separate fully adjusted models were generated for each treatment group and used to estimate curves across the range of on-treatment HbA 1c values for both nonsevere and severe events (Fig. 2) . Progressively higher on-treatment HbA 1c values were associated with a lower risk of nonsevere events in both treatment groups; a lower risk of severe events in the glargine group; and a higher risk of severe events in the standard care group.
CONCLUSIONS
These analyses provide a detailed description of the determinants of hypoglycemia during a median follow-up period of 6.2 years in people who at baseline had moderately elevated glucose levels while taking only 0 or 1 oral glucose-lowering drugs. They show that, regardless of the assigned therapy, the absolute incidence of hypoglycemia of any sort was low. Thus, despite a threefold higher rate of hypoglycemia, the annual incidences of confirmed nonsevere and severe hypoglycemia in people allocated to insulin glarginemediated fasting normoglycemia were only 10% and 1% respectively. Nonsevere hypoglycemia was more likely to occur in people with diabetes than in those without diabetes, regardless of whether normal fasting glucose levels were sought with basal insulin administration. The fact that the rates of hypoglycemia were even lower among people without diabetes than those with diabetes suggests that, in addition to promoting hyperglycemia, diabetes may impair the ability to avoid hypoglycemia. Allocation to treatment with glargine and the use of a sulfonylurea at baseline were independent risk factors for both nonsevere and severe hypoglycemia. However, additional risk factors for nonsevere and severe hypoglycemia clearly differed, with no independent predictors, other than glargine assignment and prior use of a sulfonylurea, shared by the two categories. Thus, consistent with other reports (11, 12) , younger age, lower BMI, depression, a history of diabetes, a higher baseline HbA 1c level, and a lower HbA 1c level achieved during therapy were independently associated with nonsevere hypoglycemia. In contrast, the independent determinants of severe hypoglycemia were older age, limited education, hypertension, renal insufficiency, and mild cognitive impairment. These observations are also consistent with those of other reports (5, (13) (14) (15) (16) (17) . Stated in clinically relevant terms, these analyses suggest that an individual with a BMI of 25 kg/m 2 would be ;30% more likely to have nonsevere hypoglycemia than one with a BMI of 35 kg/m 2 , but with no difference in the risk of severe hypoglycemia. Also, an individual who is 70 years old would be predicted to have ;40% less risk of nonsevere hypoglycemia but 80% higher risk of severe hypoglycemia compared with a person who is 50 years of age.
Of note is the relationship between the HbA 1c level achieved during the trial, and the risk of nonsevere and severe events with the two forms of treatment. In the glargine group, lower achieved HbA 1c levels were associated with a higher risk of both types of hypoglycemia. A similar relationship was noted for the standard care group with respect to nonsevere hypoglycemia. However, the relationship during standard care was reversed for severe hypoglycemia, with higher achieved HbA 1c levels associated with a higher risk of severe hypoglycemia. Such a phenomenon has been noted in other studies (12) (13) (14) and may reflect an increased susceptibility to hypoglycemia due to sulfonylurea use or (in ,10% of the standard care participants in the ORIGIN trial) use of insulins other than glargine (9) among those people who did not easily maintain good glycemic control.
Finally, nonsevere hypoglycemia itself was an independent predictor of the occurrence of severe hypoglycemia, a finding that is not unexpected. It is unknown whether this association is due more to the effects of unmeasured covariates, such as behavioral factors leading to glycemic variability, or to hypoglycemia-induced unawareness of falling glucose levels. Further study of the relationships between the occurrence of nonsevere hypoglycemia and subsequent severe hypoglycemia or its medical consequences is warranted.
These findings add to a growing body of evidence suggesting that, rather than just representing two parts of a range of below-normal glucose levels, hypoglycemic events requiring or not requiring third-party assistance tend to occur in different situations, have differing implications for clinical management, and should be evaluated separately. Nonsevere events can occur when otherwise healthy people with type 2 diabetes are seeking nearly normal levels of glycemic control, especially with sulfonylurea or insulin treatment. Although they did not independently predict an increased risk of CV events in the ORIGIN trial (8) , they may interfere with quality of life and the attainment of glycemic treatment goals. In contrast, because severe hypoglycemia is more likely among older people and individuals with established medical problems who are attempting to maintain excellent glycemic control, more conservative glucose-lowering regimens and targets should be considered for this population. The finding that severe hypoglycemia during standard care was more likely when the HbA 1c level was above the usual target levels, together with the prior observation (8) that severe hypoglycemia in the ORIGIN trial was two to three times more strongly linked to subsequent CV events in people allocated to receive standard care rather than glargine therapy, suggests that severe hypoglycemia identifies a highly vulnerable population at risk for serious medical problems. Similar observations from other large outcomes trials (4, (18) (19) (20) in people with type 2 diabetes provide further support for this view. People who have experienced even a single severe hypoglycemic episode clearly deserve increased attention, with the aim of mitigating the risk of both later severe hypoglycemia by adjusting glucose-lowering medications and of other outcomes, including both CV and non-CV events, by optimizing cardioprotective and other preventive therapies. These observations further suggest that the current nomenclature of hypoglycemia, which describes a continuum based on glucose levels, might be reconsidered to better distinguish between events that interfere with management but do not predict serious outcomes and those that are strongly linked with adverse outcomes, whether causally or by association. The strengths of this investigation include the large and geographically diverse population studied, the median follow-up period of .6 years, and (unlike most prior studies of hypoglycemia) the prospectively defined data collection that provided enough events to allow the comparison of nonsevere and severe hypoglycemia. The randomized treatment comparison permitted evaluation of two forms of treatment. Among the limitations of the study are the post hoc design of the analytic plan, the likelihood that some hypoglycemic events associated with a glucose level of #3.0 mmol/L (#54 mg/dL) were unreported by participants, and the lack of generalizability to people with type 1 diabetes or a longer duration of type 2 diabetes. The occurrence of glucose levels ,3.9 mmol/L (,70 mg/dL), whether symptomatic or not, was not systematically ascertained in the ORIGIN trial, and so the potential significance of such events is not clarified by these findings.
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